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Abstract 


Sustainable development is based on environmental, social, economic, and technical dimensions. In this 
study, the sustainability of wastewater treatment techniques in urban areas of Iraq was assessed using a 
multi-criteria decision analysis (MCDA)/the weighted sum model (WSM). The analysis was performed on 13 
operating wastewater treatment plants in 10 provinces, Iraq, using a questionnaire sheet with the assistance 
of 52 specialists in the Ministry of Municipalities and Public Works, Iraq. Four types of wastewater treatment 
techniques (Conventional Treatment, Oxidation Ditches, Aeration Lagoons, and membrane bio-reactor (MBR)) 
were assessed. The environmental, social, economic, and technical dimensions were represented by 11, 5, 7, 
and 4 indicators, respectively. The main results of this study indicate that the sustainability of MBR recorded 
the highest total importance; the order of the total importance from the highest to the lowest was: MBR > 
Oxidation Ditches > Aeration Lagoons > Conventional Treatment. The environmental dimension proved its 
dominance in the four studied treatment techniques’ sustainability as it recorded the maximum contribution 
to sustainability. While the technical dimension recorded the least contribution to sustainability, the order 
from the highest to the lowest was: Environmental Dimension > Economic Dimension > Social Dimension > 
Technical Dimension. 
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Highlights 


e A multi-criteria decision analysis (MCDA) was used to assess the sustainability of 13 WWTP. 

The weighted sum model (WSM) was to validate the analysis. 

Chemical Treatment, Oxidation Ditch, Aeration Lagoon, and membrane bio-reactor (MBR) were studied. 
31 environmental (En), social (S), economical (E), and technical (T) indicators were analysed. 


e 
e 
e 
e The effects of these indicators on sustainability of the WWTP was: En>E>S>T 
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INTRODUCTION 


The theme of sustainability has gained considerable attention in recent years via environmental 
organizations and departments worldwide, particularly with regard to the issues of addressing the pol- 
lution of the basic elements of the environment (water, air, soil) and the sustainability required for 
treatment techniques (Furley et al. 2018). For instance, water bodies are facing severe deterioration 
due to the discharge of wastewaters, which results in a remarkable increase in heavy metals (Abdulla 
et al. 2020; Abdulraheem et al. 2020), coloring agents (Abdulhadi et al. 2019; Aqeel et al. 2020), nutri- 
ents (Alenezi et al. 2020; Al-Marri et al. 2020; Khalid et al. 2020a, 2020b), phenols (Emamjomeh et al. 
2020a, 2020b), Gesomin (Ryecroft et al. 2019), fluoride (Alhendal et al. 2020), organic pollutants 
(Abdulhadi et al. 2021; Alyafei et al. 2020; Zanki et al. 2020), viruses and bacteria (Hashim et al. 
2020a, 2020b; Hashim et al. 2021; Khalid et al. 2020a, 2020b), turbidity (Alenazi et al. 2020; Alnaimi 
et al. 2020) and other pollutants (Emamjomeh et al. 2020a, 2020b; Hashim et al. 2020a, 2020b; Kadhim 
et al. 2020b; Mohammed et al. 2020). Air quality is also deteriorating due to the increasing emissions 
from human activities (Grmasha et al. 2020; Kadhim et al. 2020a; Shubbar et al. 2020a, 2020b), such as 
cement industries (Majdi et al. 2020; Shubbar et al. 2020a, 2020b), which resulted in an increase in 
global temperature (Salah et al. 2020a, 2020b, 2020c, 2020d; Zubaidi et al. 2020a, 2020b), and an 
increase in the rain intensity (Salah et al. 2020a, 2020b, 2020c, 2020d; Zubaidi et al. 2020a, 2020b). 
The term sustainable development was introduced for the first time through the adoption of the stra- 
tegic concept for the protection and sustainability of biodiversity by the International Union for the 
Conservation and Protection of Nature (IUCN) of 1980, which noted that sustainable development 
should take into account social, environmental and economic factors when considering the aspects 
of human life. The concept of sustainable development is based on the main point that economic, 
environmental, and social factors cannot be separated from each other. Some sources have shown 
that sustainable development is the one that meets the needs of the current generation without compro- 
mising the ability of future generations to meet their own needs (Song et al. 2019). 

The Wastewater Management System is a foundation for the protection of public health and the 
modern environment. The system also makes sustainability more visible and achieves best practices 
for building standard specifications for wastewater transfers from piping networks and treating them 
within treatment plants. The sustainability of wastewater treatment projects is determined by achieving 
the best assessment of operational, economic, and environmental efficiency (Muga & Mihelcic 2008). 

Indicators affecting sustainability were based on their suitability to different wastewater treatment 
technologies and their ability to identify or move towards balanced sustainability. Under the assump- 
tion of equal weights for the specific dimensions (environmental, social, economic, and technical) of 
the assessed process, a set of indicators have been proposed to achieve the dimensions required to 
achieve the overall sustainability of treatment system technologies that treat different discharges of 
wastewater. Many scientific sources relied on the construction of indicators of these dimensions, as 
shown below (Arroyo & Molinos-Senante 2018; Delanka-Pedige et al. 2020): 


Environmental dimension 


Its constructed indicators were: -1- Exploitation of land, 2- Air Pollution, 3- Energy, 4- Pollutants 
removal, 5-Toxic substances, 6-Odor emission, 7-Nuisance, and noise, 8-Use of chemicals, 9-Sludge 
production, 10-Sludge quality, 11-Urbanization. 


Social dimension 
Its constructed indicators were: -1-Cultural acceptance (Awareness, Cultural heritage, Quality of life, 


Public participation, Responsibility, and Community size served), 2-Public safety, 3-Creation of 
employment, 4- Competence and training requirements, 5- Local development. 
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Economic dimension 


Its constructed indicators were: 1-Construction cost, 2-Operation, and maintenance cost, 3-Land cost, 
4-Cost of resources used (mechanical and electrical types of equipment and any value-added), 5-Sal- 
aries and wages of labors, 6-Expenditure on health and safety, 7- Economic performance of 
production and waste management. 


Technical dimension 


Its constructed indicators were:(1) Durability, (2) Reliability and Flexibility, (3) Ease of construction, 
and (4) Complexity. 

The sustainability of wastewater treatment technologies in Egypt was assessed by Ahmed et al. 
(2017). There proposed weights of the three dimensions of sustainability were (Environmental 
30%, Economic 40%, and Social 30%). 

An assessment of wastewater treatment technologies in the petrochemical industry was conducted 
by Meerholz & Brent (2013). They used multi-criteria decision analysis (MCDA) as a decision-making 
tool to compare and evaluate the different wastewater treatment technologies in the petrochemical 
industry (Adem & Geneletti 2018). According to their study, the calculated MCDA for different waste- 
water treatment technologies was ranked as follows: High-performance compact reactor (HCR) < 
Pure Oxygen Dosing < Activated Sludge < Membrane Bioreactor (MBR) < Biological Aerated Filters 
(BAF) < Alternate Aeration Technology < Moving Bed Biofilm Reactor (MBBR) < Retrofit MBBR. 
They concluded that Retrofit MBBR was the most feasible wastewater treatment technology, while 
HCR was the least desired technology. 

A proposed sustainability assessment framework for the prioritization of urban sewage treatment 
technologies was suggested by Ren et al. (2020). They studied four urban sewage treatment technol- 
ogies and concluded that the anaerobic-oxidation ditch technology performed the highest 
sustainability for urban sewage treatment. 

Yao et al. (2020) developed a novel multi-criteria group decision-making framework to evaluate 
four types of wastewater treatment techniques (WTTS), (Anaerobic-Anoxic-Oxic, Triple-Oxidation 
Ditch, Anaerobic-Single-Oxidation Ditch, and Sequencing-Batch-Reactor Activated Sludge). They 
concluded that suitable WIT might differ according to the city’s size in developing or developed 
countries. 

Kalbar et al. (2012) showed that it was challenging to select the most appropriate wastewater treat- 
ment alternative under the ‘no scenario’ condition and that the decision-making methodology 
effectively identifies the most appropriate wastewater treatment alternative for each of the scenarios. 

Lizot et al. (2020) developed a multi-criteria methodology based on the analytical hierarchy process 
(AHP) and ELECTRE II methods to select the best wastewater treatment systems. They designed a 
methodology with 20 alternatives and 12 criteria for this application; the adopted dimensions of sus- 
tainability were economic, social, technical, and environmental. 

Hadipour et al. (2016) developed a multi-criteria decision-making model (MCDM) for the selection 
of the best wastewater reuse system in Iran. Their model manages four criteria, 16 sub-criteria and five 
alternatives. 

To the best of the authors’ knowledge, this is the first time the sustainability of wastewater treatment 
techniques in Iraq, has been studied relying on the MCDA framework. 

The objectives of this study are: 


1. To assess the sustainability of wastewater treatment techniques in urban areas of Iraq through a 
field survey by recording the appropriate values of the different elements comprising the four 
dimensions (Environmental, Social, Economic and Technical) of sustainability. 
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2. To analyze the recorded data using the MCDA to decide the most sustainable (in terms of total 
importance) wastewater treatment technique out of the four selected techniques (Conventional, 
Oxidation Ditches, Aeration Lagoons, and MBR). 


This study was performed on (13) thirteen operating plants located within ten provinces of Iraq for 
the period (1/1/2017) to (31/12/2017), with the assistance of 52 specialists in the Ministry of Muni- 
cipalities and Public Works/Iraq (MMPW). Wastewater treatment plant capacities ranged between 
(45,000-100,000) m*/day. 





MATERIALS AND METHODS 
Wastewater treatment systems 


The selection of technical systems used in wastewater treatment projects is based on several factors, 
the most important of which is to achieve the environmental, technical and economic feasibility of 
such projects. The design of technical systems is one of the difficult tasks of engineering agencies 
to determine the levels of treatment required to meet environmental requirements, taking into con- 
sideration the socio-economic conditions of countries (Da Silva et al. 2020). 

The suspended growth process (aeration basins) was the most widely used in the designed appli- 
cations as it was convenient to a wide range of wastewater discharges, especially the large ones, 
while the attached growth film process was convenient for small discharges. 

The traditional Activated Sludge Treatment (conventional treatment) and Extended Aeration are 
good examples for the application of the suspended growth process (Metcalf 2003). 


Extended aeration and its modifications 


There are several modifications of this method, including: 


. Oxidation Ditches. 

. SBR method (Sequencing Batch Reactor). 

. ISAM method (Integrated Surge Anoxic Mix). 
. MBR method (Membrane Bio-Reactor). 

. RBC method (Rotating Biological Contactor). 


ahr NN 


The above modifications are inconvenient for large discharges; the USA specifications show that 
these modifications are suitable only for discharges less than 10,000 m°/day; in general, the specifica- 
tions of the Environmmetal Protection Agency (EPA) do not recommend using these methods to 
discharges more than 20,000 m°/day. To solve this problem, many designs and consulting companies 
for wastewater treatment projects in large cities have tended to divide the work of treatment plants 
into several stages to meet the EPA’s requirements (Wexford 1997; Metcalf 2003). 

Oxidation Ditches are the most widely used method in wastewater treatment projects in Iraq, while 
the MBR Method (Membrane Bio-Reactor) has become familiar recently for its competence with lim- 
ited use. 

The method of treatment by extended aeration is easy to implement for the treatment units in 
addition to simplicity in operation and flexibility. 


Applications of treatment methods in Iraq 


In Iraq, the departments responsible for the management of wastewater treatment works have tended 
to use extended aeration systems to treat wastewater in many cities (more than 85% of Iraqi cities). 
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While the use of conventional treatment systems (old existing projects) was limited to cities charac- 
terized by high population densities (city centers) such as Baghdad, Karbala, Mosul, and Basra, 
knowing that the current designs for Waste Water Treatment Plants (WWTPs) in these cities have 
also used the extended aeration system in wastewater treatment for its districts and sub-districts, 
the above facts being documented by the MMPW. 


Reuse of treated wastewater 


The reuse of treated wastewater is becoming an attractive method of increasing the utilization of water 
resources, particularly in hot climate regions, like the countries of the Middle East region (for 
example, Iraq). Its application improves the soil and increases the value of the crops. The character- 
istics of treated wastewater have the capability for irrigation and fertilization of the soil. The treated 
wastewater can be used to irrigate trees like palms and other non-sensitive plants (Kennedy & 
Tsuchihashi 2005; Toze 2006; Omran et al. 2019). 


Sustainability of WWTP 


Various assessment tools were used to demonstrate the sustainability of wastewater treatment tech- 
nologies such as economic analysis, environmental analysis, energy analysis, and life cycle 
assessment (Salvador et al. 2014). 

These wastewater treatment techniques include the Conventional Treatment, Oxidation Ditches, 
Aeration Lagoons, and MBR method. 

The identification of indicators depends on a variety of factors such as community culture, civiliza- 
tion development of the community, the geographical location of the country, population, and 
characteristics of their daily activities (Chen et al. 2020). 

Some studies have used several indicators in the assessment process, but only one treatment tech- 
nique was evaluated, and one dimension was used to assess sustainability, such as the assessment of 
environmental or economic impacts only (Padilla-Rivera et al. 2016). 

Other studies were limited to assessing the environmental and economic dimensions of sustainabil- 
ity and did not address the social dimension and its impact on assessing the sustainability of 
wastewater treatment technologies (Dixon et al. 2003), which did not fully absorb the required sus- 
tainability that is supposed to balance between economic, environmental, and social considerations. 

In this research, a fourth dimension representing the technical aspect of treatment systems was 
added to meet all the requirements of comprehensive sustainability. 

All environmental, economic, social, and technical visions should be integrated in order to achieve 
a comprehensive vision of sustainability and the choice of appropriate technology for wastewater 
treatment. 


Multi-criteria decision analysis (MCDA) 


This analysis comprises many methods; the appropriate method chosen here in this research article is 
the weighted sum model (WSM) (Ben-Arieh 2002), or weighted linear combination (WLC) 
(Malczewski & Rinner 2015), or simple additive weighting (SAW) (Gherghel et al. 2020). Following 
is a brief description of the WSM method: 

For an MCDA problem defined on (m) alternatives and (n) decision criteria, if it is assumed that all 
the criteria are benefit criteria, that is, the higher the values are, the better it is, then suppose that w; 
denotes the relative weight of importance of the criterion C; and a; is the performance value of 
alternative A; when it is evaluated in terms of criterion C;. The total importance of alternative A; 
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(i.e., when all the criteria are considered simultaneously), denoted as A)¥S“'S°°" is defined as follows: 
n 
A VSM score — 5y Wij (1) 
j=l 
For I= 1,2, 3, 3........0.0. ,m 


To reach the maximization case, the best alternative is to choose the one that yields the maximum 
total performance value (Ben-Arieh 2002). 





RESULTS AND DISCUSSION 


A questionnaire containing the assessment of dimensions (Environmental, Social, Economic and 
Technical), and their indicators has been prepared. It was evaluated by a number of specialists in 
wastewater treatment plants in the MMPW. The survey included thirteen operating plants located 
within the ten provinces of Iraq. The evaluation included the use of three assessments: most sustain- 
able, moderate sustainable, and least sustainable. Within the research methodology and evaluation 
axes, a scale of 1-3 was used, where 2 represents the state of moderate sustainability, 3 is the most 
sustainable, and 1 is the least sustainable. Specialization and experience were considered as the 
basis for the evaluation process within the treatment plants selected to answer the questionnaire. 
Four specialists were selected at each treatment plant to answer the questionnaire, and the total 
number of specialists included in the survey was fifty-two. Figure 1 is a flow chart showing the 
main steps of sustainability assessment in this study. 


oo 





Determine the goal of the sustainability assessment 





Determine the techniques selected for the wastewater 
treatment and their respective sustainability indicators 











Identify and evaluate the most appropriate techniques 
according to sustainability indicators 








End 


Figure 1 | Flow chart of sustainability assessment. 


Table 1 illustrates the results of different indicators (11 indicators) of the environmental dimension 
of sustainability in terms of studied treatment techniques, together with the total score. 

Table 2 illustrates the results of different indicators (5 indicators) of the social dimension in terms of 
studied treatment techniques, together with the total score. 

Table 3 illustrates the results of different indicators (7 indicators) of the economic dimension in 
terms of studied treatment techniques, together with the total score. 

Table 4 illustrates the results of different indicators (4 indicators) of the technical dimension in 
terms of studied treatment techniques, together with the total score. 
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Table 1 | Assessment of environmental dimension of sustainability 


Treatment method 

















Indicator Conventional treatment Oxidation ditches Aeration lagoons MBR* 
Land exploitation 2 2 1 3 
Air pollution 1 3 2 3 
Energy consumption 3 1 1 2 
Pollutants removal 2 2 2 3 
Toxic substances 2 2 2 3 
Odor emission 1 3 2 3 
Nuisance and noise 2 2 2 3 
Use of chemicals 2 3 2 3 
Sludge production 1 2 2 3 
Sludge quality 3 3 3 3 
Urbanization 1 3 1 3 
Total score 20 26 20 32 
*MBR, Membrane Bio-Reactor. 
Table 2 | Assessment of social dimension of sustainability 
Treatment method 
Indicator Conventional treatment Oxidation ditches Aeration lagoons MBR 
Cultural acceptance 1 3 2 3 
Public safety 1 3 3 3 
Employment creation 2 3 3 3 
Competence and training requirement 2 2 2 3 
Local development 2 3 3 3 
Total score 8 14 13 15 
Table 3 | Assessment of economic dimension of sustainability 
Treatment method 
Conventional Oxidation Aeration 
Indicator treatment ditches lagoons MBR 
Construction cost 1 2 2 3 
Operation and maintenance cost 5 2 2 1 
Land cost 3 2 2 3 
Cost of resources used 1 2 2 1 
Cost of salaries and wages of labors 1 2 2 1 
Expenditure on health and safety 1 3 2 3 
Economic performance of production and waste 1 3 3 3 
management 
Total score 11 16 15 15 
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Table 4 | Assessment of technical dimension of sustainability 


Treatment method 





Indicator Conventional treatment Oxidation ditches Aeration lagoons MBR 
Durability 2 3 2 3 
Reliability and flexibility 2 3 2 3 
Ease of construction 1 3 3 1 
Complexity 2 3 3 1 
Total score 7 12 10 8 





Table 5 illustrates the sustainability of wastewater treatment techniques taking into account the 4 
dimensions (Environmental, Social, Economic, and Technical). 


Table 5 | Sustainability of wastewater treatment techniques taking into account all dimensions 





Dimension 
Environmental Social Economic Technical 

Treatment method dimension dimension dimension dimension 
Conventional treatment 20 8 11 7 
Oxidation ditches 26 14 16 12 
Aeration lagoons 20 13 15 10 

MBR 32 15 15 8 

Total score 98 50 57 37 





Referring to Table 5, it is obvious that the environmental dimension gained the maximum contri- 
bution to sustainability while the technical dimension gained the minimum contribution to 
sustainability. The contribution of dimensions to sustainability followed the following order: - (Environ- 
mental Dimension) > (Economic Dimension) > (Social Dimension) > (Technical Dimension). 

Figure 2 is a pie chart that depicts the contribution (%) of the 4 dimensions to sustainability. 

According to Equation (1), assuming that the weights are common for all dimensions (25% each), 
and that: 

AWSM-score — the total importance of the Conventional Treatment technique. 
= the total importance of the Oxidation Ditches technique. 
= the total importance of the Aeration Lagoons technique. 


AWSM —score 

2 

AWSM —Sscore 
3 


Contribution of the 4 dimensions to Sustainability 


a Environmental Dimension 
* Social Dimension 
» Economical Dimension 


* Technical Dimension 





Figure 2 | Contribution (%) of the four dimensions to sustainability. 
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W, = weight of environmental dimension, W2 = weight of social dimension, 


W; = weight of economic dimension, and W4 = weight of technical dimension 


Then: 


AWSM-score = 0.25*(20 +8+11+ 7) = 11.5 
AWSM-score _ 0,25*(26 + 14+ 16 + 12) = 17.0 





AWSM-scote = 0.25*(20 4134154 10) — 14.5 











AO sore —0.25* (32 +154+15+ 8) =17.5 


doi: 10.2166/wpt.2021.013 


Other combinations of weights (scenarios) and the resulting treatment technique with the maxi- 


mum sustainability are presented in Table 6. 


Table 6 | Different scenarios of weights combinations to decide the treatment technique with the highest sustainability (total 


importance) 


Scenario Weight combination 
1 W; = 0.40 

W2 = 0.21 

W; = 0.24 

W, =0.15 
2 W, = 0.25 

W2= 0.25 

W; = 0.25 


W; = 0.25 
3 W, =0.2 


wW = 0.2 
W; =0.2 
W, = 0.4 


Total importance 

AWSM score = 1537 
AȘ SM-score — 18.98 
AWSM=score — 15.83 
ApS score = 20.75 


A i5 
AYOK SS 
AFSM -score = 145 
Ag = 17.5 
ApS = 10.6 
AWSM score =16 

AYOM core = 136 


AWSM -score L 156 


Rank 


aA N 


A N A re 


m. 





Figure 3 is a pictorial representation of the results presented in Table 6, and Figure 4 depicts the 
average total importance (for 3 scenarios) of the 4 treatment techniques. 


Total importance of treatment techniques 


Oxidation Ditches 


Conventional Treatment 


(=) 


@Scenario3 WScenario2 W Scenario 1 


Figure 3 | Total importance of treatment techniques. 


It is evident from the above results that MBR wastewater treatment gained maximum sustainability. 
It is to be noted that MBR gains the maximum sustainability when the environmental dimension is 
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Average total importance( for 3 scenarios) 


16 
14 
12 
10 
8 
6 
4 
2 
0 


Conventional Oxidation Ditches Aeration Lagoons MBR 
Treatment 


Figure 4 | Average total importance (for 3 scenarios). 


dominating other dimensions (which is the real case as shown in Figure 2), for the case when the tech- 
nical dimension is dominating, then (Oxidation Ditches) will gain the maximum sustainability as 
shown in Table 6 (Scenario 3); this is in accordance with the results documented by Yao et al. 
(2020). The sustainability of wastewater treatment techniques followed the following order: 
(MBR) > (Oxidation Ditches) > (Aeration Lagoons) > (Conventional Treatment). 


CONCLUSIONS 


The findings of the study clearly showed that the sustainability of wastewater treatment in Iraq is 
directly related to the four dimensions (environmental, social, economic, and technical). The environ- 
mental dimension proved its dominance in the sustainability of the 4 studied treatment techniques as 
it recorded the maximum contribution to sustainability, while the technical dimension recorded the 
least contribution to sustainability. Out of the 4 studied wastewater treatment techniques, the MBR 
treatment method was the most sustainable for the selected sample in Iraq as far as the environmental 
dimension is dominating, while Oxidation Ditches will gain maximum sustainability if the technical 
dimension is dominating. It is advisable to carry out the same study on a larger sample to increase the 
confidence limits of the results, which will refine the decision making, and to compare between differ- 
ent methods of MCDA like weighted product method (WPM), AHP, and Technique for Order of 
Preference by Similarity to Ideal Solution (TOPSIS) method. 





ACKNOWLEDGEMENTS 


The authors would like to express their deepest gratitude to the staff of the General Manager for 
Sewage Works in Iraq and the Ministry of Higher Education and Scientific Research for their com- 
plete cooperation and offering assistance and help during the course of this research. 





DATA AVAILABILITY STATEMENT 


Data cannot be made publicly available; readers should contact the corresponding author for details. 


REFERENCES 


Abdulhadi, B. A., Andrew, S. & Rafid, A. 2019 Influence of current density and electrodes spacing on Reactive red 120 dye 
removal from dyed water using electrocoagulation/electroflotation (EC/EF) process. Materials Science and Engineering 
584(1), 1-12. 


Downloaded from http://iwaponline.com/wpt/article-pdf/doi/10.2166/wpt.2021.013/853648/wpt2021013.pdf 


bv quest 


Water Practice & Technology Vol 00 No 0 
11 doi: 10.2166/wpt.2021.013 


Abdulhadi, B., Kot, P., Hashim, K., Shaw, A., Muradov, M. & Al-Khaddar, R. 2021 Continuous-flow electrocoagulation (EC) 
process for iron removal from water: experimental, statistical and economic study. Science of the Total Environment 
756(2), 1-16. 

Abdulla, G., Kareem, M., Khalid, H. S., Muradov, M., Patryk, K., Mubarak, H. A., Abdellatif, M. & Abdulhadi, B. 2020 Removal 
of iron from wastewater using a hybrid filter. Materials Science and Engineering 888(1), 1-10. 

Abdulraheem, F. S., Al-Khafaji, Z. S., Magomed, M. & Shubbar, A. A. 2020 Natural filtration unit for removal of heavy metals 
from water. Materials Science and Engineering 888(1), 44-57. 

Adem Esmail, B. & Geneletti, D. 2018 Multi-criteria decision analysis for nature conservation: a review of 20 years of 
applications. Methods in Ecology and Evolution 9(1), 42-53. 

Ahmed, Y. Z., El Gendy, A. & El Haggar, S. 2017 Sustainability assessment of municipal wastewater treatment. World Academy 
of Science, Engineering and Technology, International Journal of Environmental, Chemical, Ecological, Geological and 
Geophysical Engineering 11(2), 120-124. 

Alenazi, M., Hassan, A. A., Magomed, M. & Abdulhadi, B. 2020 Turbidity removal using natural coagulants derived from the 
seeds of Strychnos potatorum: statistical and experimental approach. Materials Science and Engineering 888(2), 77-85. 

Alenezi, A. K., Hasan, H. A., Amoako-Attah, J., Gkantou, M. & Abdulhadi, B. 2020 Zeolite-assisted electrocoagulation for 
remediation of phosphate from calcium-phosphate solution. Materials Science and Engineering 888(2), 1-10. 

Alhendal, M., Nasir, M. J., Amoako-Attah, J., Al-Faluji, D. & Bareq, A. 2020 Cost-effective hybrid filter for remediation of water 
from fluoride. IOP Materials Science and Engineering 888(1), 63-71. 

Al-Marri, S., AlQuzweeni, S. S., Safaa, K. H., AlKhaddar, R., AlKizwini, R. S., Zubaidi, S. L. & Al-Khafaji, Z. S. 2020 Ultrasonic- 
Electrocoagulation method for nitrate removal from water. Materials Science and Engineering 888(1), 21-31. 

Alnaimi, H., Abuduljaleel, A., Michaela, G., Salah, L. & Magomed, M. 2020 Ultrasonic-electrochemical treatment for effluents 
of concrete plants ultrasonic-electrochemical treatment for effluents of concrete plants. Materials Science and Engineering 
888(1), 107-118. 

Alyafei, A., AlKizwini, R. S., Yeboah, D., Gkantou, M., Al Khaddar, R., Al-Faluji, D. & Salah, A. L. 2020 Treatment of effluents of 
construction industry using a combined filtration-electrocoagulation method. Materials Science and Engineering 888(2), 95-103. 

Aqeel, K., Mubarak, H. A., Amoako-Attah, J., Abdul-Rahaim, L. A., Abdellatif, M., Al-Janabi, A. & Khalid, H. S. 2020 
Electrochemical removal of brilliant green dye from wastewater. Materials Science and Engineering 888(1), 122-131. 

Arroyo, P. & Molinos-Senante, M. 2018 Selecting appropriate wastewater treatment technologies using a choosing-by- 
advantages approach. Science of the Total Environment 625(1), 819-827. 

Ben-Arieh, D. 2002 Multi-criteria decision making methods: a comparative study. Journal of INFORMS 32(2), 81-83. 

Chen, K.-H., Wang, H.-C., Han, J.-L., Liu, W.-Z., Cheng, H.-Y., Liang, B. & Wang, A.-J. 2020 The application of footprints for 
assessing the sustainability of wastewater treatment plants: a review. Journal of Cleaner Production 6(3), 22-29. 

Da Silva, J., Fernandes, V., Limont, M. & Rauen, W. B. 2020 Sustainable development assessment from a capitals perspective: 
analytical structure and indicator selection criteria. Journal of Environmental Management 260(2), 47-58. 

Delanka-Pedige, H., Munasinghe-Arachchige, S., Abeysiriwardana-Arachchige, I., Nirmalakhandan, N. D. & Ecology, W. 2020 
Wastewater infrastructure for sustainable cities: assessment based on UN sustainable development goals (SDGs). 
International Journal of Sustainable Development World Ecology 7(3), 1-7. 

Dixon, A., Simon, M. & Burkitt, T. 2003 Assessing the environmental impact of two options for small-scale wastewater 
treatment: comparing a reedbed and an aerated biological filter using a life cycle approach. Ecological Engineering 20(4), 
297-308. 

Emamjomeh, M. M., Kakavand, S., Jamali, H. A., Alizadeh, S. M., Safdari, M., Mousavi, S. E. S., Hashim, K. S. & Mousazade, 
M. 2020a The treatment of printing and packaging wastewater by electrocoagulation-flotation: the simultaneous efficacy of 
critical parameters and economics. Desalination and Water Treatment 205(1), 161-174. 

Emamjomeh, M. M., Mousazadeh, M., Mokhtari, N., Jamali, H. A., Makkiabadi, M., Naghdali, Z., Khalid, H. S. & Ghanbari, R. 
2020b Simultaneous removal of phenol and linear alkylbenzene sulfonate from automotive service station wastewater: 
optimization of coupled electrochemical and physical processes. Separation Science and Technology 55(17), 84-94. 

Furley, T. H., Brodeur, J., Silva de Assis, H. C., Carriquiriborde, P., Chagas, K. R., Corrales, J., Denadai, M., Fuchs, J., 
Mascarenhas, R. & Miglioranza, K. S. 2018 Toward sustainable environmental quality: identifying priority research 
questions for Latin America. Integrated Environmental Assessment and Management 14(3), 344-357. 

Gherghel, A., Teodosiu, C., Notarnicola, M. & De Gisi, S. 2020 Sustainable design of large wastewater treatment plants 
considering multi-criteria decision analysis and stakeholders’ involvement. Journal of Environmental Management 261 (4), 
58-67. 

Grmasha, R. A., Al-sareji, O. J., Salman, J. M., Hashim, K. S. & Jasim, I. A. 2020 Polycyclic aromatic hydrocarbons (PAHs) in 
urban street dust within Three land-uses of Babylon Governorate, Iraq: distribution, sources, and health risk assessment. 
Journal of King Saud University - Engineering Sciences 33(2), 1-18. 

Hadipour, A., Rajaee, T., Hadipour, V. & Seidirad, S. 2016 Multi-criteria decision-making model for wastewater reuse 
application: a case study from Iran. Desalination Water Treatment 57(30), 57-64. 

Hashim, K., Kot, P., Zubaid, S., Alwash, R., Al Khaddar, R., Shaw, A., Al-Jumeily, D. & Aljefery, M. 2020a Energy efficient 
electrocoagulation using baffle-plates electrodes for efficient Escherichia coli removal from wastewater. Journal of Water 
Process Engineering 33(20), 79-86. 


Downloaded from http://iwaponline.com/wpt/article-pdf/doi/10.2166/wpt.2021.013/853648/wpt2021013.pdf 


bv quest 


Water Practice & Technology Vol 00 No 0 
12 doi: 10.2166/wpt.2021.013 


Hashim, K., Rafid, M., Andy, S., Al-Jumeily, D., Alwash, R. & Aljefery, M. 2020b Electrocoagulation as an eco-Friendly River 
Water Treatment Method. In Advances in Water Resources Engineering and Management, 1st edn. Springer, Berlin, 
Germany. 

Hashim, K. S., Adrew, S., AlKhaddar, M., Patryk, K. & Al-SShamma’a, A. 2021 Water purification from metal ions in the 
presence of organic matter using electromagnetic radiation-assisted treatment. Journal of Cleaner Production 280(2), 1-17. 

Kadhim, A., Sadique, M. & Al-Mufti, R. 2020a Developing one-part alkali-activated metakaolin/natural pozzolan binders using 
lime waste as activation agent. Advances in Cement Research 32(11), 1-38. 

Kadhim, A., Sadique, M., Al-Mufti, R. & Hashim, K. 2020b Long-term performance of novel high-calcium one-part alkali- 
activated cement developed from thermally activated lime kiln dust. Journal of Building Engineering 32(3), 1-17. 

Kalbar, P. P., Karmakar, S. & Asolekar, S. R. 2012 Selection of an appropriate wastewater treatment technology: a scenario- 
based multiple-attribute decision-making approach. Journal of Environmental Management 113(8), 158-169. 

Kennedy, L. A. & Tsuchihashi, R. 2005 Is water reuse sustainable? factors affecting its sustainability. Arabian Journal for 
Science and Engineering 30(2), 13-22. 

Khalid, H. S., Ali, S. M., AlRifaie, J. K., Idowu, I. & Gkantou, M. 2020a Escherichia coli inactivation using a hybrid ultrasonic- 
electrocoagulation reactor. Chemosphere 247(7), 68-75. 

Khalid, H. S., Ewadh, H. M., Muhsin, A. A., Aljefery, M. & AlKhaddar, R. 2020b Phosphate removal from water using bottom 
ash: adsorption performance, coexisting anions and modelling studies. Water Science and Technology 82(11), 1-17. 
Lizot, M., Goffi, A. S., Thesari, S. S., Trojan, F., Afonso, P. S. & Ferreira, P. F. 2020 Multi-criteria methodology for selection of 
wastewater treatment systems with economic, social, technical and environmental aspects. Environment, Development 

Sustainability 1(2), 1-25. 

Majdi, H. S., Shubbar, A., Nasr, M. S., Al-Khafaji, Z. S., Jafer, H., Abdulredha, M., Masoodi, Z. A., Sadique, M. & Hashim, K. 
2020 Experimental data on compressive strength and ultrasonic pulse velocity properties of sustainable mortar made with 
high content of GGBFS and CKD combinations. Data in Brief 31(4), 61-72. 

Malczewski, J. R. & Rinner, C. 2015 Multicriteria Decision Analysis in Geographic Information Science, 1st edn. Springer, 
New York, NY, USA. 

Meerholz, A. & Brent, A. C. 2013 Assessing the sustainability of wastewater treatment technologies in the petrochemical 
industry. South African Journal of Industrial Engineering 24(2), 1-11. 

Metcalf, L. 2003 Wastewater Engineering: Treatment and Reuse, 2nd edn. McGraw-Hill Inc., New York, NY, USA. 

Mohammed, A.-H., Hussein, A. H., Yeboah, D., Al Khaddar, R., Abdulhadi, B., Shubbar, A. A. & Hashim, K. S. 2020 
Electrochemical removal of nitrate from wastewater. Materials Science and Engineering 888(1), 400-412. 

Muga, H. E. & Mihelcic, J. R. 2008 Sustainability of wastewater treatment technologies. Journal of Environmental Management 
88(3), 437-447. 

Omran, I. I., Al-Saati, N., Al-Saati, Z., Al-Jumeily, D., Ruddock, F. & Aljefery, M. 2019 Assessment of heavy metal pollution in 
the Great Al-Mussaib irrigation channel. J Desalination Water Treatment 168, 165-174. 

Padilla-Rivera, A., Morgan-Sagastume, J. M., Noyola, A. & Giiereca, L. P. 2016 Addressing social aspects associated with 
wastewater treatment facilities. Environmental Impact Assessment Review 57, 101-113. 

Ren, J., Ren, X., Liu, Y., Man, Y. & Toniolo, S. 2020 Sustainability Assessment Framework for the Prioritization of Urban Sewage 
Treatment Technologies. Elsevier, Amsterdam, the Netherlands, pp. 153-176. 

Ryecroft, S. P., Shaw, A., Fergus, P., Kot, P., Hashim, K. & Conway, L. 2019 A Novel Gesomin Detection method based on 
microwave spectroscopy. In 12th International Conference on Developments in ESystems Engineering (DeSE), Kazan, 
Russia, pp. 1-14. 

Salah, Z., Al-Bugharbee, H., Ortega Martorell, S., Gharghan, S., Olier, I., Hashim, K., Al-Bdairi, N. & Kot, P. 2020a A novel 
methodology for prediction urban water demand by wavelet denoising and adaptive neuro-fuzzy inference system 
approach. Water 12(6), 1-17. 

Salah, Z., Abdulkareem, I. H., Al-Bugharbee, H., Ridha, H. M., Gharghan, S. K., Al-Qaim, F. & Muradov, M. 2020b Hybridised 
artificial neural network model with slime mould algorithm: a novel methodology for prediction urban stochastic water 
demand. Water 12(10), 1-18. 

Salah, Z., Ethaib, S., Al-Bdairi, N. S., Al-Bugharbee, H. & Gharghan, S. K. 2020c A novel methodology to predict monthly 
municipal water demand based on weather variables scenario. Journal of King Saud University-Engineering Sciences 32(7), 
1-18. 

Salah, Z., Ortega-Martorell, S., Abdellatif, M., Gharghan, S. K. & Ahmed, M. S. 2020d A method for predicting long-term 
municipal water demands under climate change. Water Resources Management 34(3), 1265-1279. 

Salvador, R., Francisco, A., Piekarski, C. & da Luz, L. 2014 Life cycle assessment (LCA) as a tool for business strategy. 
Independent Journal of Management & Production 5(3), 733-751. 

Shubbar, A. A., Sadique, M., Nasr, M. S. & Al-Khafaji, Z. S. 2020a The impact of grinding time on properties of cement mortar 
incorporated high volume waste paper sludge ash. Karbala International Journal of Modern Science 6(4), 1-23. 

Shubbar, A. A., Sadique, M., Shanbara, H. K. & Hashim, K. S. 2020b The development of a new low carbon binder for 
construction as an alternative to cement. In: (Shukla, K., Kumar, S., Barai, S. K. & Mehta, A. (eds)) Advances in 
Sustainable Construction Materials and Geotechnical Engineering, 1st edn. Springer, Berlin, Germany. 

Song, M.-L., Cao, S.-P., Wang, S.-H. & Change, S. 2019 The impact of knowledge trade on sustainable development and 
environment-biased technical progress. Technological Forecasting Social Change 144, 512-523. 

Toze, S. 2006 Water reuse and health risks - real vs. perceived. Desalination 187(1-3), 41-51. 


Downloaded from http://iwaponline.com/wpt/article-pdf/doi/10.2166/wpt.2021.013/853648/wpt2021013.pdf 


bv quest 


Water Practice & Technology Vol 00 No 0 
13 doi: 10.2166/wpt.2021.013 


Wexford, I. 1997 Waste water treatment manuals: primary, secondary and tertiary treatment. Environmental Protection Agency 
2(1), 1-15. 

Yao, L., Xu, Z., Lv, C. & Hashim, M. 2020 Incomplete interval type-2 fuzzy preference relations based on a multi-criteria group 
decision-making model for the evaluation of wastewater treatment technologies. Measurement 151, 107137. 

Zanki, A. K., Mohammad, F. H., Kareem, M. M. & Abdulhadi, B. 2020 Removal of organic matter from water using ultrasonic- 
assisted electrocoagulation method. Materials Science and Engineering 888, 155-164. 

Zubaidi, S., Al-Bugharbee, H., Muhsin, Y. R., Khalid, K. & Alkhaddar, R. 2020a Forecasting of monthly stochastic signal of 
urban water demand: Baghdad as a case study. Materials Science and Engineering 888, 143-151. 

Zubaidi, S., Ortega-Martorell, S., Al-Bugharbee, H., Olier, I. & Gharghan, S. K. 2020b Urban water demand prediction for a city 
that suffers from climate change and population growth: Gauteng province case study. Water 12(7), 1-18. 


Downloaded from http://iwaponline.com/wpt/article-pdf/doi/10.2166/wpt.2021.013/853648/wpt2021013.pdf 


bv quest 


